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CANNIBALIZATION  OF  5 TON  TRUCKS 


By 


Reginald  Joules 
Systems  Analysis  Div 
Plans  & Analysis  Directorate 


I.  PURPOSE : 

The  purpose  of  this  study  is  to  determine  the  total  deficits  of 
5 Ton  Truck  gas  (R6602)  and  multifuel  (LDS  465/  1$  engines  expected 
between  June  1977  and  September  1981,  and  estimating  the  cost  of  canni- 
balizing excess  vehicles  around  the  world  to  obtain  engines  to  fill 
these  deficits.  ^ 


II.  SCOPE : 

The  analysis  considers  only  cannibalization  of  excess  5 Ton  Trucks  as 
a source  of  supply  of  engines.  Other  alternatives  such  as  buying  re- 
placement engines,  possible  modification  of  some  other  engines  for 
replacements,  or  early  replacement  of  the  fleet  are  not  addressed. 


III.  BACKGROUND: 

A.  The  shortage  is  created  by  the  fact  that  new  replacement  engines 
available  do  not  meet  EPA  clean  air  standards. 

B.  Other  alternatives  are  being  studied  by  other  organizations. 

C.  In  this  £udy  only  one  source  of  supply  to  meet  the  deficits  is 
considered,  namely,  cannibalization. 

D.  The  study  establishes  the  total  demand  during  the  period  from 
June  1977  through  September  1981,  based  upon  the  following  factors: 

1.  Given  projections  of  monthly  demands. 

2.  An  overall  prpeline  demand  that  is  equal  to  four  times  the 
average  monthly  demand. 

3.  Existing  backorders. 

E.  The  operational  readiness  is  not  considered  as  a factor  in  this 
study;  it  is  assumed  that  all  demands  must  be  met,  that  no  slack  is 
allowed. 

F.  The  basic  data  such  as  monthly  demands,  current  stock  of  serviceable 
and  unserviceable  engines,  vehicle  washout  rates,  engine  loss  and  washoit 
rates,  distribution  of  vehicles  according  to  location,  etc.  were  provided 
by  the  Tactical  Vehicle  Division. 

G.  The  cannibalization  schedules  were  costed  by  Cost  Analysis  Division, 
Comptroller  Directorate. 
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IV.  APPROACH: 

A.  Since  the  problems  of  gas  and  multifuel  engines  are  similar  but 
separate,  compute  the  values  separately,  but  use  identical  steps. 

B.  On  a year-by-year  basis,  compute  the  deficits.  Take  into  account 
existing  backorders,  pipeline  requirements,  monthly  demands  from  the 
field,  monthly  returns  from  the  field,  loss  of  returnable  engines  in 
the  field,  loss  due  to  washout,  and  available  supply  of  serviceable  and 
unserviceable  engines.  (Overview  Flow  Diagram  (OFD) , Function  Block  1.0). 

C.  On  a year-by-year  basis,  confute  the  number  of  excess  vehicles  that 
will  be  available  for  cannibalization  by  using  the  projected  vehicle 
washout  rates.  Using  the  engine  loss  rates  (loss  in  the  field  + loss 
at  depot  level),  estimate  the  number  of  rebuildable  engines  that  will 
be  available  from  the  excess  vehicles.  (OFD,  Function  Block  2.0). 

D.  Compare  the  yearly  deficits  to  the  number  of  rebuildablcs  that  will 
be  available  from  the  yearly  excess  lots.  If  the  deficit  during  a given 
year  is  larger  than  the  supply  of  rebuildables , the  difference  will  have 
to  be  made  up  by  the  extras  available  from  previous  years.  (OFD,  Function 
Block  3.0). 

E.  Once  the  total  cannibalization  requirement  for  each  year  is  deter- 
mined, develop  a breakdown  of  cannibalization  based  upon  geographical 
location.  Since  the  overall  expenses  for  labor  and  transportation  to 
depot  (which  is  located  in  the  U.  S.)  will  be  the  cheapest  in  the  U.S. 

and  the  most  expensive  in  the  Pacific,  cannibalization  should  be  maximized 
in  the  U.  S.  and  minimized  in  the  Pacific,  with  Europe  handling  the  over- 
flow from  the  U.  S.  Therefore , if  there  are  not  enough  cannibalizable 
trucks  in  the  U.  S.  during  a given  year,  the  supply  in  the  U.  S.  during 
the  previous  years  should  be  searched  first  before  scheduling  cannibali- 
zation in  Europe,  and  in  the  Pacific.  (OFD,  Function  Blodk  4.0). 

F.  Translate  the  requirements  for  rebuildable  engines  to  the  number 
trucks  to  be  cannibalized.  This  is  to  allow  for  the  losses  described  above 
while  discussing  availability.  (OFD,  Function  Block  5.0). 

G.  Obtain  cannibalization  and  shipping  costs  and  calculate  the  total  cost 
of  this  program. 
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STUDY  APPROACH 
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V.  ASSUMPTIONS 


A.  Starting  deficit  (deficit  at  end  of  FY76)  is  assumed  to  be  zero  for 
both  categories. 

B.  Pipeline  demand,  numerically  equal  to  four  times  the  monthly  demand, 
is  to  be  met  in  FY77.  Therefore,  there  will  be  no  pipeline  demands  in 
the  following  years,  as  long  as  there  is  constant  flow. 

C.  Since  no  gas  vehicle  washout  rate  is  available  for  FY81,  the  rate 
is  assumed  to  be  zero. 

D.  The  vehicle  washout  rate  and  engine  loss  rate  will  be  uniform  in 
U.S.,  Europe  and  the  Pacific  areas. 

E.  Engine  loss  rate  is  constant  during  the  period  under  consideration 
(June  1977  - September  1981). 

F.  Distribution  of  vehicles  over  the  three  areas  remains  constant  during 
the  period  under  consideration  (gas  trucks:  85%  in  U.S.,  13%  in  Europe, 

2%  in  the  Pacific;  multifuel  trucks:  67%  in  U.S.,  24%  in  Europe,  9%  in 
the  Pacific). 


VI.  DISCUSSION 
Deficits : 

Tables  1 and  2 show  the  yearly  supply,  yearly  and  cumulative  demand 
and  cumulative  deficits  by  considering  the  factors  discussed  in  Approach. 
These  tables  clearly  illustrate  the  problem. 

A negative  deficit  during  a given  year  in  effect  decreases  the  total 
demand  for  the  following  year. 

DEMAND  is  the  sum  of  total  demand  from  the  field  over  the  year, 
pipeline  demands  (if  any),  back  orders  (if  any),  and  previous  deficits. 

SUPPLY  is  the  sum  of  net  returns  of  unserviceables  (through  rotation, 
after  losses),  serviceable  stock  (if  any),  and  unserviceable  stock  (if  any). 

DEFICIT  - DEMAND  - SUPPLY 
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TABLE  1.  CUMULATIVE  DEFICITS 


OF  GASOLINE 

ENGINES 

FY 

YEARLY 

DEMAND 

CUMULATIVE 

DEMAND 

YEARLY 

SUPPLY 

CUMULATIVE 

DEFICIT 

77  (May  - Sep) 

762 

762 

845 

-83 

78 

468 

385 

316 

69 

79 

468 

537 

316 

221 

80 

468 

689 

316 

373 

81 

468 

841 

316 

525* 

♦Total  deficit 

is  525 

Basic  Input  Oata  used  for  developing  this  Table: 

Net  monthly  unserviceables  through  rotation  after  losses  (10%  field  loss 
and  25%  washout)  is 

39  * (1  - 0.1)  * (1  - 0.25)  ~ 26 
Serviceable  stock  on  hand  as  of  May  31,  77  is  222. 

Unserviceables  on  hand  after  washout  is  691  * (1  - 0.25) ~ 518 
Backorders  as  of  May  31  = 450 
Pipeline  demands  = 4 * 39  = 156 
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TABLE  2.  CUMULATIVE  DEFICITS  OF 
MULTIFUEL  ENGINES 


FY 

YEARLY 

DEMAND 

CUMULATIVE 

DEMAND 

YEARLY 

SUPPLY 

CUMULATIVE 

DEFICIT 

77  (May  - Sep) 

1266 

1266 

1304 

-38 

78 

1404 

1366 

884 

482 

79 

1404 

1885 

884 

1001 

80 

1404 

2405 

884 

1521 

81 

1403 

2924 

884 

2040* 

♦Total  deficit  is  2040 

Basic  Input  Data  used  for  developing  this  Table: 

Net  monthly  unserviceables  through  rotation  after  losses  (10%  field  loss 
and  30%  washout)  is 


117  * (1  - 0.1)  * (1  - 0.30) — 74 

Serviceable  stock  on  hand  as  of  May  31,  77  is  153. 
Unserviceables  on  hand  after  washout  is  1233  * (1  - 0.3)  r:  856 
Back  orders  as  of  May  31  = 330 
Pipeline  demands  = 4 * 11/  = 468 


Availability  of  Rebui Idables  through  Cannibalization: 


Tables  3 and  4 show  the  number  of  trucks  that  will  be  available  for 


cannibalization  based  upon  vehicle  washout  rates,  and  the  rebuildable  engines 


that  can  be  obtained  from  these  excess  vehicles  after  allowing  for  normal 


losses. 

Total  strength  s Total  Strength  * f,  _ Vehicles  washout 

for  a given  year  ~ for  previous  year  j " rate  for  previous  year^ 

Trucks  available  for  _ Total  strength  * Vehicle  washout 
cannibalization  ” for  the  year  for  that  year 

during  a given  year 

Loss  rate  of  unservice-  = < 1 - field  loss  rate  i * < 1 - washout  rate  * 
able  engines  [ j L at  depot  J 
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TABLE  3. 

availability  OF  REBUILDABLE 

GASOLINE  ENGINES 

Vehicle 

Trucks 

Engine 

Rebuildable 

Total 

Washout 

Available 

Loss 

Engines 

FY 

Strength 

Rate 

For  Cannib. 

Rate 

Available 

77 

6752 

0.13 

879 

0.325 

592 

78 

5874 

0.02 

117 

0.325 

79 

79 

5757 

0.02 

115 

0.325 

78 

80 

5642 

0.15 

846 

0.325 

571 

81 

4796 

- 

0 

0.325 

0 

TABLE  4. 

AVAILABILITY  OF  REBUILDABLE 

MULTIFUEL  ENGINES 

Vehicle 

Trucks 

Engine 

Rebuildable 

Total 

Washout 

Available 

Loss 

Engines 

FY 

Strength 

Rate 

For  Cannib. 

Rate 

Available 

77 

9792 

0.02 

166 

0.37 

105 

78 

8157 

0.02 

163 

0.37 

103 

79 

7994 

0.02 

160 

0.37 

101 

80 

7834 

0.02 

157 

0.37 

99 

81 

7677 

0.02 

154 

0.37 

97 

C. 

Deficits  vs  Availables: 

The  yearly  deficits  shown  in 

Tables  1 and  2 are 

cumulative 

since  they 

are 

intended  to  show 

the  deficits 

if  no  action  is  taken  to  curb 

the  shortage 

Tables  5 and  6 compare  the  yearly  shortages  and  the  rebuildable  engines  that 


could  be  obtained  through  cannibalization.  The  last  columns  show  the  yearly 
deficits  after  cannibalization. 

As  mentioned  earlier  if  the  shortages  during  a given  year  is  greater 
than  the  number  of  rebuildables  available  from  cannibalization,  excess 
rebuildables  available  from  previous  years  should  be  used  to  cover  the 
difference.  The  fourth  columns  in  Tables  5 and  6 show  the  number  of 
rebuildables  that  should  be  made  available  each  year. 
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TABLE  5.  DEFICITS  VERSUS  AVAILABLES 
OF  GASOLINE  ENGINES 


Potential 

Number  of 

Deficits 

Rebuildables 

Rebuildables 

After 

From 

Needed 

Cannibalization 

FY 

Shortages 

Cannibalization 

(From  Availables) 

77 

0 

592 

64 

0 

78 

69 

78 

78 

0 

79 

152 

79 

79 

0 

80 

152 

571 

304 

0 

81 

152 

- 

- 

0 

Totals 

525 

525 

0 

Note  that  there  will  be  a shortage  of  152  engines  in  FY81,  but  no  trucks 
will  be  available  for  cannibalization.  Therefore,  304  rebuildables  should 
be  made  available  in  FY80  (even  though  the  shortage  in  FY80  will  be  only 
152)  to  cover  the  shortage  in  FY81. 

Similarly,  though  there  will  be  no  shortage  in  FY77,  64  rebuildables  should 
be  made  available  in  FY77  to  cover  the  shortage  in  FY79. 


TABLE  6.  DEFICITS  VERSUS  AVAILABLES 
OF  MULTIFUEL  ENGINES 


FY 

Shortages 

Potential 

Rebuildables 

From 

Cannibalization 

77 

0 

105 

78 

482 

103 

79 

519 

101 

80 

520 

99 

81 

519 

97 

Totals 

2U4TJ 

Number  of 


Rebuildables 

Deficits 

Needed 

After 

(From  Availables) 

Cannibalization 

105 

0 

103 

274 

101 

418 

99 

421 

_9 2 

4?? 

505 

1535* 

*Note  that  even  if  all  available  excess  multifuel  trucks  are  cannibilized, 
the  shortage  cannot  be  met 


0.  Source  Breakdown  in  Terms  of  Year  and  Location: 

Tables  7 and  8 show  from  where  required  rebuildables  will  be  obtained. 


TABLE  7.  SOURCE  BREAKDOWN  IN  TERMS  OF 

YEAR  AND  LOCATION  FOR  GASOLINE  ENGINES 

Potential  Rebuildables 
From  Cannibalization: 

Distribution  According  Number  of  Rebuildables 

To  Location  Needed  (From  Available) 


FY 

Total 

U.S. 

EUR 

PAC 

U.S. 

EUR 

PAC 

TOT 

100% 

85% 

13% 

2% 

77 

592 

503 

77 

12 

88 

0 

0 

88 

78 

78 

66 

10 

2 

66 

0 

0 

66 

79 

79 

67 

10 

2 

67 

0 

0 

67 

80 

571 

485 

74 

11 

304 

0 

0 

304 

81 

- 

0 

0 

0 

0 

0 

0 

0 

Since  79  rebuildables  will  not  be  available  in  the  U.S.  during  FY  78, 
the  balance  necessary  should  be  obtained  from  supplies  in  the  U.S.  during 
previous  years.  Since  there  is  a potential  of  503  rebuildables  in  the  U.S. 
during  FY77,  the  balance  should  be  drawn  from  this  supply.  The  total  require- 
ment  for  U.S.  is  changed  from  the  original  64  to  76.  The  total  is  also  changed  from 
64  to  76  (but  these  changes  are  not  shown  on  Table  7). 

Similarly,  in  FY78  only  67  rebuildables  will  be  available  in  the  U.S. 
through  cannibalization.  Since  a total  of  79  is  needed,  attempt  should  be 
made  to  obtain  the  remaining  12  from  the  supplies  in  the  U.S.  during  pre- 
vious years  before  going  to  the  supplies  in  Europe  and  Pacific  during  FY  79. 

A search  for  the  supplies  in  U.S.  during  previous  years  shows  that  U.S. 
will  have  sufficient  supply  in  FY77,  to  cover  this  difference.  The  require- 
nent  from  U.S.  for  FY77  is  again  changed  from  76  to  88,  with  a similar  change 
in  total  requirement  for  FY77  (these  final  fiqures  are  shown  on  Table  7). 
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TABLE  8.  SOURCE  BREAK  DOWN  IN  TERMS  OF  YEAR 
AND  LOCATION  FOR  MULTIFUEL  ENGINES 


Potential  Rebuildables 
From  Cannibalization: 


Distribution 

According 

Number 

of  Rebui ldables 

to  Location 

Needed 

(From 

Avai Tables) 

[1 

Total 

U.S. 

EUR 

PAC 

U.S. 

EUR 

PAC 

TOT 

FY 

100% 

67% 

24% 

9% 

77 

105 

70 

25 

9 

70 

25 

9 

105 

78 

103 

69 

25 

9 

69 

25 

9 

103 

79 

101 

68 

24 

9 

68 

24 

9 

101 

80 

99 

66 

24 

9 

66 

24 

9 

99 

81 

97 

65 

23 

9 

65 

23 

9 

97 

M 

E.  Conversion: 

1 


Tables  7 and  8 show  a breakdown  of  rebuildable  engines  needed  in  terms  of 
year  and  location.  However,  in  order  to  determine  how  many  vehicles  are  to 
be  cannibalized,  it  is  necessary  to  take  into  account  the  losses  in  field 
and  at  depot  level . 

The  loss  rates  for  gas  and  multifuel  engines  are  0.325  and  0.37 


respectively.  Thus,  for  example,  if  100  gas  rebuildables  are  needed,  it  will 
be  necessary  to  cannibalize,  as  a rule, 

100  j (1  - 0.325)  = 148  vehicles. 


Tables  9 and  10  show  actual  cannibalization  requirements  in  terms  of 
time,  and  location. 


TABLE  9.  CANNIBALIZATION  SCHEDULE  FOR 
EXCESS  «AS  TRUCKS 


Distribution  of  Cannibalization  Requirements 


FY 

U.S. 

Europe 

Pacific 

77 

130 

0 

0 

78 

99 

0 

0 

79 

98 

0 

0 

80 

450 

0 

0 

81 

0 

0 

0 

TABLE  10.  CANNIBALIZATION  SCHEDULE  FOR 
EXCESS  MULTIFUEL  TRUCKS 


Distribution  of  Cannibalization  Requirements 


FY 

U.S. 

Europe 

Pacific 

77 

112 

40 

15 

78 

no 

39 

15 

79 

107 

38 

15 

80 

105 

38 

15 

81 

103 

37 

15 

F.  Cannibalization  Costs: 

The  costs  for  cannibalization  involve  three  factors. 

(1)  Removal  of  engines  from  washed  out  vehicles 

(2)  Preparation  of  engines  for  shipment. 

(3)  Transportation  of  engines  to  depot  in  the  U.S. 
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Cost  breakdowns  for  gas  and  multifuel  trucks  are  shown  in  Tables  11  and 
12.  (Courtesy  of  Cost  Analysis  Div,  Comptroller). 


TABUS  11 

COST  BREAKDOWN  FOR 

CANNIBALIZATION  OF  GAS 

ENGINES 

REMOVAL  OF 

YEAR 

LOCATION 

ENGINES  FROM 

(FY) 

U.S.  EUROPE 

PACIFIC 

TOTALS 

WASHED  OUT 

VEHICLES: 

1977 

7222 

0 

0 

7222 

1978 

5825 

0 

0 

5825 

1979 

6048 

0 

0 

6048 

1980 

28910 

0 

0 

28910 

1981 

0 

0 

0 

0 

48005 

PREPARATION 

OF  ENGINES 

1977 

2942 

0 

0 

2942 

FOR  SHIPMENT 

1978 

2373 

0 

0 

2373 

1979 

2464 

0 

0 

2464 

1980 

11779 

0 

0 

11779 

1981 

0 

0 

0 

0 

19558 

TRANSPORTATION 

OF  ENGINES 

1977 

20200 

0 

0 

20200 

TO  DEPOT  IN 

1978 

16290 

0 

0 

16290 

U.S. 

1979 

16920 

0 

0 

16920 

1980 

80860 

0 

0 

80860 

1981 

0 

0 

0 

0 

134270 


Total  cost  for  cannibalization  of  777  gasoline  engines  ■ $201,833. 
Average  unit  cost  = $259.76. 


k - ■ - 
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TABLE  12:  COST  BREAKDOWN  FOR 
CANNIBALIZATION  OF 
MULTIFUEL  ENGINES 


LOCATION 


REMOVAL  OF 

YEAR 

ENGINES  FROM 

(FY) 

U.S. 

EUROPE 

PACIFIC 

TOTALS 

WASHED  OUT 
VEHICLES: 

1977 

5761 

2337 

964 

9062 

1978 

5992 

2413 

1021 

9426 

1979 

6115 

2466 

1071 

9652 

1980 

6247 

2568 

1115 

9930 

1981 

6361 

2595 

1158 

10114 

48184 

PREPARATION  OF 
ENGINES  FOR 

1977 

2535 

1028 

424 

3987 

SHIPMENT 

1978 

2637 

1062 

449 

4148 

1979 

2690 

1085 

471 

4246 

1980 

2749 

1130 

491 

4370 

1981 

2799 

1142 

509 

4450 

21201 

TRANSPORTATION 

1977 

22230 

11700 

4980 

38910 

OF  ENGINES  TO 
DEPOT  IN  U.S. 

1978 

23120 

12,080 

5270 

40470 

1979 

23590 

12350 

5530 

41470 

1980 

24100 

12850 

5760 

42710 

1981 

24540 

12990 

5977 

43507 

207067 

Total  cost  for  cannibalization  of  800  multifuel  trucks  ■ $276,452. 
Average  unit  cost  = $345.57. 
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CONCLUSIONS 

1.  The  shortage  of  5 Ton  Truck  gasoline  engines  (R6602)  can  be 
successfully  combated  through  cannibalization.  However,  cannibali- 
zation can  solve  only  one  fourth  of  the  shortage  as  far  as  5 Ton 
Truck  multifuel  engines  (LDS  465/1A)  are  concerned,  as  shown  on 
Table  5 of  the  report. 

2.  The  costs  associated  with  the  computed  cannibalization  schedules 
are  shown  on  Tables  11  and  12.  The  average  unit  costs  for  cannibali- 
zation of  gas  and  multifuel  engines  are  $259.76  and  $345.57  respectively. 
The  average  unit  cost  is  a function  of  the  cannibalization  schedule. 

Any  change  in  the  cannibalization  schedules  shown  in  Tables  9 and  10 
will  alter  the  unit  costs  due  to  escalation  factors  and  location 
di f ferentials. 


RECOMMENDATIONS 


1.  In  order  to  determine  the  cost-effectiveness  of  cannibalization,  it 
# # ' 

is  recommended  that  costs  determined  herein  be  compared  to  other  possible 

alternatives. 

2.  The  computer  program  inclosed  with  this  study  (Appendix)  can  be  used 
to  compute  new  cannibalization  schedules  and  associated  costs  (as  in 
Tables  9,  10,  11  and  12),  if  desired.  Currently,  the  program  output 
(sample  inclosed)  contains  only  the  cannibalization  requirements  and 
matrices  for  the  three  cost  factors  shown  on  Tables  11  and  12.  However, 
it  is  possible  to  modify  the  output  routines  to  list  more  information. 
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Documentation  for  the  inclosed  computer 
program  for  calculating  the  cannibalization 
requirements  for  5 Ton  Trucks  can  be  obtained 
on  request  from  DRSTA-SA , USATARCOM,  Warren, 

MI  48090 

The  source  and  object  files  as  well  as  the 
absolute  overlay  for  the  loaded  programs 
are  stored  on  permanent  files  on  the  CDC  6600 
Computer  System  at  Picatinny  Arsenal,  Dover,  N.J. 


r ' !■ ' 'GROM  i 01  n POL  i.  CHS  - MUL  T I » I MF'UT  . OUTPUT , TAPE  1 ~C.HS  j 

VflPE£«*MI  ILT I . TOPES-  I NPUT , T0PE6=0UTPUT ) 


p 

FTTH.  MO 

■|0PF2^MI 

INTEGER 

RBLDNS 

I1':  MENS I ON  MO  I S)  ,P0(3)  P 

B 

P T PE  ( 0 ? jOTHC 

B 

SET  i ?)  , CBEFP 

D 

RF.'BLDN(5»  3) » ' 

B 

RBLDNS (5 j 3) v 

COMMON 

/DEE  I CT  'ROTL  < Mi 

0 

BEEjCBI 

c 

RE.B I LBS- 'CLiRSTF: 

c 

VEXESS 

c 

■PEOMNTSP 

f. 

PEBLDN 

c 

c 

r 

OUO I LTL-'B  T STP » 

1 * *7*  | V | LI 

1 LJ.'M 

PBLDNTL..-' 

c 

EBLBN 

c 

CSCHEB.- 

c 

PBL.BNS 

r 

•-COST.-BOSECS 

( 5 j 3 1 , BflSECST ( 3 j * TPRNSP ( 3 ) 
ROTL  - MO  j SERUj  UNSRUj  BO  j PIPE? 
DFF  t CHEF  j DEM  j SUP , ROTG  j YRLY 


DATA  RF.PT  1 . REPT£/-1HN>  2HN0/- 


111  CONTI HUE 
COLL.  .TEAS 
COLL.  READER 
COLL  DEEICT 
COLL  PEBILDS 

C 01  L REOMNTS  ( REFL.BO < REBL.DN  j CDEF ) 

COL  L.  RURIL.TL  ( REEL  DO  j PF.BLDN ) 

C OURII.TL  COLLS  PBLDNTL 

Cl  ILL  CSCHEIi  ( RBI.  BN « ENCG  j RBLDNS ) 
f.OLL  COST  (RBLDNS) 

C COST  COLLS  MOTRCF.S 

WRITE (6 > t) 

1 niPMOTi"  ANOTHER  RUN?  (’N’  OR  ’NO’  FOP  NO) 
READ  f 2)  RFF'T 
2 FOF'MOT  (010) 

TF  (PFPT.NF.REPT1.  ONIi.  REPT.NE.PEPT2)  GOTO  111 

STOP 

tliB 

£ *:  V « > V » P S'  A F HP 


t*:*:*#®*s®**S**#»**FnF 
SUBROUTINE  ZEROS 
DIMENSION  F’EBL.DN  (5j  3) 
Oi.jMHOH.  'REGMNTS/'RFBLDN 
”"'i  111  1 = 1 » 15 
RF.BL.DNf  II *0. 

Ill  rOMTTNUF 
l -'R  TURN 
END 


£**«***« 

SUiiPOUTINE  READER 
TfITEfiER  TRPE 
RFf-ll.  MO 

LOT,  I COL.  RANDOM , TAPES 

COMMON  /DEE I CT/ROTL . MO (51. SEPU ( 5 ) . UNSRU r 5 ) . DO (51 > 

0 P I PF  r 5 ) 5 OTH  (5 1 . DEF  ( 5 ) . CDEF  ( 5 ) > DEM  ( 5 1 . SUP  ( 5 1 , 

C ROTG » VRLY  ( 5 1 •-  RFB I L DS/CURSTR . ENGL  . UFHWOR  ( 5 1 » 

c yf:-:ess  m . reblda  (5i , engg  /reqmnts/rebldms*  3) 

f:  AUhILTL'DISTR  (3) . RBl.DA  (5.3)  /RBLDNTL/ 

C PPL  UN  ( 5 . 3 1 , CSCHFD/RBLDNS  (5.3) 

C /COST • BASECST (31. TRANSP ( 3 1 

! IrtMF.L  1 ST/NANEAI..L/BO . p I PE . MO . OTH . SERU . IJNSRO . ROTL . 

N i TUMOR  • TJ I STR . CURSTR . ENGL . BASECST . TRANSP 

DATA  PERT 1 . PERT?/ I HN . £HNO/ 

C 

111  WRITE (6* 1 ) . . _ 

1 FORMAT!"  RANDOM  READpr’N'  OR  ’ NO ’ FOR  NQ)  = " 1 
READ i 5 i p 1 RERT 
£ FORMAT (RIO) 

POMPOM-. FALSE . 

I F i RFPT 1 . HE . REP"! . AND . PER  TP , NF . RF.PT ) RANBOM= . TRUE . 

!iPlTF(t-;..3) 

3 FORMAT f"  TARE f INTEGER) =?  " ' 

PFflD  (5.  *1  TAPE 

TAPF5=T APE . FO . 5 

I F ( f RANDOM . AND. TAPES) . OR . ( . NOT . RANDOM . AND . . NOT . TAPES ) ) 

L.  GOTO  IPS 
MR I TE ( 6 . 4 ) RANDOM . TAPF 

4 FORMAT  f"  RANDOM- ".L.l.  " AND  TAPE=".IS»"  NOT  PERMITTED"/ 

4 * RE-ENTER...')  * 

GOTO  111  ^ 

1££  TF (RANDOM) GOTO  133 

REWIND  TAPE 
READ f TAPE. NAMFALL) 

GOTO  144 

133  WRITE (6. 51 

5 FORMAT  ( " ENTER  UAI.UES  INTO  NAMELIST  $NAMEALL"/) 

READ (TAPE. NAME AIL) 

144  RETURN 

END 

C*******!*'*!******** 
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C »■  * :«  * :■***  *»***«  # 

SUBROUTINE  DEFICT 
REAL  MO,MOPERYR 
LUC  I CFlL  CPEFNEC 

It  I HENS  I ON  MO  i.  5 ) , SERU  (5)  » IJNSRU  (5 ) , BO  ( 5 ) * R T RE  r 5 ) , OTH  (5 1 » 

H IiEF  ( 5 1 , CDEF  1 5 ) » DEM  C 5 ) » SUP  t *5 ) * YRLY 1 5 1 , MOPERYR  t 5 ) 

COMMON-'  DEF  I CT/'ROTL , MO » SERU  , IJNSRU  , BO » P I PE , OTH  - 
C KEF - CDEF « DEM  > SUP > POTG , VRL V 

DOTH  MOPERYR/4 . 0 » 4* 1 £ . tv 
C 

TJEFI--0. 0 
POTG--1 .0-ROTL 
no  ] it  1=1,5 

YPL  Y ( I ) - MO  1 1 it  *MOPERYR  1 1 ) 

RECOUER=YRL.Y  ( 1 ) *ROTG 

cup  ( i :i  =seru  r i :i  +unsru  < i :i  +recouer 
dem  r i :i  =bo  m+piREtn  + yrly  t i > +oth  < i ) 

DEE f I i =DEM r I ) -SUP ( I ) 

CDEF ( I ) =DEF ( I ) +DEFI 
CHEFNFG-CriEF  m .LT.0.0 
DEF I =0 . O 

] F r CBEFNEG 1 DEF I =CDEF ( I ) 

T F f CBEFNEG ) CDEF  m =0 . 6 
111  CONTINUE 

RETURN 

END 

Cxxmmmmmmmmmmmmxmm 


C»:*$s*$s$$s*sx*k*k 

‘-•IJBF’OUT  T ME  REQMNTS  ( REBLDft » REEL. DM , CHEF ) 

D T MENS  T ON  REP (5)  > ODEF r 5 ) i REBLDft (5) * REEL  DM  f 5 , 3 ) 

C 

T-  I 

( Op  RFP  ! T i -rCDEF  i I ) 

I T - 1 

111  IFf REP  i f I ) . uT . REBLDft (II)) GOTO  1 33 
REEL. DM  i J I « 1 i - REP  (ID 
122  IF  f I . EO. 5) GOTO  155 
I --T  + 1 
GOTO  tOO 

1 33  REEL  DM  (TI>  1 ) =RE£L  Eft  HI) 

PHORT’-REQ  (II«  -REBLDft  (II) 

RF P (IT) =PEBL Dft (II) 

TF U I . EQ. 1 ) GOTO  144 
II =11-1 

PEP  'll) =REQ (II) + SHORT 

GOTO  1 l 1 

144  WRITE i 0, 1) I, SHORT 

1 FORMAT ("  WARNING:  NEEDS  FOR" i I2j "TH  YEAR  CANNOT  BE  MET"  ' 
1 Fb.Oi"  REBUIL.DABLES  SHOULD  BE  MADE  AUAILAELE.  " ) 

GOTO  122 
155  RETURN 
F MD 

C w :■*  * s #?  w :«■  # as  »•<*;«*  * « 


C******S*'«*****K$$ 

'TROUT  I ME  H>,  'ft  T I.  TL  i:  PEELER  •.  REEL  I'M  1 
j I HENS  T OH  It  I STR  ( ) i F:EBL  Eft  (5)>  REELEN  f 5 . ) , PEL  Eft  ( ci , ? ) 
COHMOH,  ftUft  I L.T1...  E I STR  - 
C PEL  Eft 

C 

Efi  :'?£•  .1=1 , 3 
ET,-;TRIE=EJSTP  f J]i 
EO  111  1 = 1 1 5 

r PL  Eft  f I , j.i  .-REELDR  ( 1 i *D I STR IB 
111  CO!  IT  I HUE 

CHL  L.  PPL  ENTL  f RELEft , REELEN  t J 1 
1 c:2  CONTINUE 

RETi  IRH 
END 

Ci*!******1*  HP#  *':«:*!  jpg; 


C*  4 < 

■M  '^ROUTINE  PBLBNTL  (RBLDft-  REBLDN » J) 

■i  T MF  US  I ON  RBLIifl  i 5 - 3 ) j PEBLDN  ( 5 < 3 j - RBLDH  ( 
C ONMON/'RBLDNTL/'RBLDN 


lOO  II--I 

in  T F f PEBl  UN  III  - J I . GT . RBLIifl  ( 1 1 - J)  ) GOTO  1 3S 
RBLDH ill- J) =REBLDN HI- J) 

12?  fF  i'I.  EG.  5)  GOTO  155 

1 = 1 + 1 
GOTO  100 

1 33  RBLDH (II- J i =PBLDA (II- J ) 

GHOPT -REBLDH ( 1 1 - J) -RBLIifl (I  I - J) 
RFBLIiHni-  J) -RBLIifl  f II-  J) 

IF  f TI.EO. lJCOTO  144 

f i=tt-i 

REBL BN ' II- J) -PFBLDH ( 1 1 » J) +SHORT 
GOTO  ! 1 1 

1 44  REBLDN  f T - .J+ 1 j =SHORT 

GOTO  122 
155  RETURN 
n iD 

f.  # !•>  A *0: jfc  •$:  j#  *0:  -O’ 


I 


50;  4.  ^ ^ $ 4f  4.  & Q:  '$  ♦ 4?  2#  .•#? 

SUFROUT I HE  CSCHFP ( FBLPN t ENGG » RBL DNS ) 

TNTEGEF:  RBL.PNS 

"•I  MENS  ION  RBL.DN  C5>3) » PBL.PNS  <5>  3) 
rvi;,-t'?76 
I IP  I IE  ( f>  i I ) 

1 n -PHOT  f .•••/  1 F Y " 1 1 fix » "PI STR I B OF  CANN I B REOMNTS " • 
r 1 , " ij . 0 . EUROPE  PflC IFIC " - ) 

Mi  » 32  I =■  1 ill 
'iV-  T '>‘P+ 1 

-.0  111  J-"  1 » 3 

;:L  DNS  l i n -.1  j ~H  T NT  C 5 . OOO 1 E- 1 +PBLPN  ( 1 1 J » "t  NCG 1 
r our T HUE 

: IK  F TE  f 6 » fci  T YP , f RBLPNS  (bJ ) j J=  1 * 3 1 
FORMAT  i I S * 8X » y I T 6 > 2X ) ) 

CONTINUE 
RETURN 
END 

|“;'A  *0:  iO?  $ # iOi  rtf  30?  5*i  30: 50??0?  ?0? 


111 

£ 

1 c!  it! 


I 


I 

I 


0 & 4 -O’  # 3:  ■$:  $ # $ $ *0:  iOi  # 

'.UBPCil  IT  T HE  COST  ' F’PLDNS ) 

JMTirCFP  RBI  DNS 
RF.flL  I.  OCi-LOCrUFF 

H I MENS T OH  BftSECST f 3 ) - TRftNSP (3)  * ESOFftCT ( 5 ) > LOCH I FF ( 3 * 3 ) , 
Tj  R3LDMS f 5 - 3 '•  > COSTS (5*3*3 ) 

cor lMOH  - cnST,- IM-ISFCST , TRftNSP 
Jfll  Ft  LOCB7FF/P*  ( t.  0*1.1 36  * 1 . £50) « 3*0. 0/$ 
n ESCFftCT/ 1 .0756* t . 1385* 1 . 1943* 1.2433* 1.3906/ 

C 

HO  100  ■ I-"  t * 3 
I CCHTFFf  .1*3)  =:TPfiH8P  OJ) 

10O  CONTINUE 
TOTDL=0.0 
■10  133  K- 1 * 3 
i INI  TCOS-BfiSECST  ( K ) 
no  102  J- 1 * 3 
I .oc  - L ociuffm*k:i 
no  in  1*1.5 

I OSTS  ( I * J*  K I -ESCFftCT  ( I :•  *RBL HNS  ( 1 * Ji  *LOC*UNITCOS 
T 0 Tftl . = TOTftL +COSTS f I * J, K ) 

111  CONTINUE 

133  COM! T HUE 

133  CONTINUE 

COL. I MflTRCES  t COSTS  * TOTftL.  i 
PE TURN 
I NT* 


£>***!**♦ 

■ii  r -in  n 1 he  matroes  c costs > total :• 

II  HI  L.OCf  LOCDIFF 

i.i  T ) ii  Ms  1 OH  COSTS  i S - 3 - 3 1 - HORDS  ( 5 » 3 5 ? COSTLOC  f 3 1 t I VP  f 5 J 
DA T i i 7 VFv  1 97?  - 1 978 » 1 979  ’ 1 930 > 1 98 1 - 

HORDS-'' 1 OHEHG I ME  PEMj  10H0UAL  COST  , 7HMATPIX:  , 3*1H  , 

Ii  I OHPREF'RRflT  10  j 1 0HN-FOR-TRAN  j 1 0HSPORTRT I OH  j 

Ii  jOH  COST  MRTR?  3H.TX:  j 

Ii  I OHEHCIME  TRA-  lOHHSPORTRTIO j 10HH  COST  MAT - 

Ii  ■+HP  IX‘  i iH  • ' 

DO  111  1=1-3 

HP  t i l.  i.b?  t j i.  words  f . i - k i - j = i - s .1 
1 FORMAT  f s//  1 X » 5R 1 %// 1 

WP I TE  ( 6 » cl  J 

£ FORMAT  i " FY“-£0.Xi.  " LOCATION 'VI "I  I.  S.  EUROPE  PACIFIC 

HP I TEC 6 » 3 ) ( < I YP ill  - f COSTS C I, J, K 1 - J= 1 j 3 ) 1 j J = 1 j 5 1 

3 F OPM AT C 5 ( 1 5 - 6X j 3 f £X - F8 . 0 1 / ) ) 

111  CONTI  hlJE 

C 

WRITE  (6.-4) 

4 FORMAT i • v"  MATRIX  OF  COSTS  WITH  RESPECT  TO  TIME  & "» 

" LOCATION-:  "/VI 

I IRT  TE  f £) 

DC  i ^4  I ~ 1 f 5 
DO  133  J=l. ’3 
COSTLOC ( J'l =0.0 

no  1 22  K= 1 ’ 3 

COSTLOC i J i =COSTLOC ( J ) +C0ST3  CI» J» K 1 
1 33  CONTINUE 

133  CONTINUE 

HR T TE  C 6 ’ 5 i I YR 'll’ COSTLOC 

5 FORMAT C 1 5 j 6X > 3 C £X ’ FS . 0 1 1 
144  CONTINUE 

HR I TE i Cj  61  TOTAL 

6 FORMAT  is//"  TOTAL  COST  FOR  THE  ENTIRE  OPERATION  IS 

8 ' FS  • 0 ' ' 

RET  I IRH 


GAS  ENGINES 

j“'  ft  £ ft  ft  ft  ft  ft  ft.  ft  ft.  ft  ft  ft  ft.  ft.  ft  ft 

SNAMEALL  BO -4 50 . ■>  4*0.  >PT F'E=  156.  > 4*0 . . 00=5*39 . * _ 
OTH=5*0.  ' SERU=£££. » 4*0.  . UNSRU=518.  . 4*0.  j ROTL“0.  3£5. 
i iEHl.|fiP=0 . 1 3 1 3*0 . OrJ » 0 . 1 5 > 0 . 0 J P I STR=0 . 85  j 0 . 18?  0 . 0c  ? 
CURSTR“6?5£. ? EMGL =@. 3£5. BASECST=51 , 68. £1 . 05. 144.53. 


TF'ANSP" 1.0.1. 474  ? 1 . 673 1 

0 ft  ft  ft  ft  ft  ft  ft  ft  ft  ft.  ft  ft  ftftft.ft  ft 


FV 

"II0TRTE  OF  r Ml  IM  7 P: 

REQMNTS 

il.?..  FURORE 

PACIFIC 

1 9 «•' 

i 30  0 

0 

1978 

1 00  0 

0 

1979 

9;-!  0 

0 

1 980 

451  0 

0 

1981 

r»  ri 

0 

EMC;  he  n 

MORAL  POST  MATRIX: 

FV 

! PORTION 

ij„  8.  FI.'POPF 

PACIFIC 

1977 

7338.  0. 

0, 

1978 

'7;  i;;1 4 „ (l* 

l:i , 

1979 

6049.  0. 

0. 

1930 

38978 . 0 . 

!•{  a 

1981 

0 . 0 . 

0. 

PPFFRFhT 

01  i-F  OR- TF'ANSPORTAT  T ON 

COST  MATRIX: 

FV 

LOCATION 

1,1.3.  r UR  OPE 

PACIFIC 

1977 

8942.  0. 

0. 

19--: 

£397.  O. 

0. 

18"  ' 

3484.  0. 

0 , 

1 -•90 

; 1903,  M, 

0. 
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MULTIFUEL  ENGINES 
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SNAMEAL  l BO=330 > 4*0 . , R t rf=468 . > 4*0.  > MO-5#  it?.  , 
OTH*5#0.  jSF.RU* IT.?. > 4*0.  , HNSRM=856.  >4*0.  , 


DftTQ  Fo»< 

CftccoLft-rufiJ  or 


R0TL--0. 

ENGL-O. 


C * * * * * * * '*  * » '*  ft  « ft  ft  ft  •« 


■:7  > UEHM0R-5®0  . 0£ > H I STR=0 . 67  > 0 . £4  > 0 . 09 , CURSTR=33?3 , Mu-Tr  rot  u 
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CFn.t"mui.Ti") 


WORM  I ML.  ••  NEEDS  FOR 
£74.  RFBUTLDABLES 
WARNING:  NEEDS  FOR 
419.  I FBI HL.IiflBLES 
WARNING:  HEEDS  FOR 
4£1.  PEBUILDABLES 
WARMINGS  NEEDS  FOR 
4 £3.  PEBUILDABLES 


£TH  VFAR  CANNOT 
SHOULD  BE  MADE 
3TH  YEAR  CANNOT 
SHOULD  BE  MADE 
4TH  YEAR  CANNOT 
SHOULD  BE  MADE 
5TH  YEAR  CANNOT 
SHOULD  BE  MADE 


BE  MET 
AUAILABLE. 

BE  MET 
AUAILABLE. 

BE  MET 
AUAILABLE. 

BE  MET 
AUATLABLE. 
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REQMNTS 

U.S. 

EUROPE 

PACIFIC 

1977 
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40 
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1978 

1 09 

39 

15 

1979 

107 
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14 

1980 

1 05 

•Tj(Q 
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183 

1 4 

ENG INF 

''  *■ 

REMOUHL  COST 

MATRIX: 

FY 

LOCATION 

U.S. 

EUROPE 

PACIFIC 

1 977 

5760. 

t.  •«»  r ■ 

964 . 

1973 

5937. 

£413. 

1 9£  l , 

1 979 

63  13. 

£466 . 

1 000  . 

1930 

6£45. 

•~iET  * i”i 

c.jbo  * 

1041  , 

1931 

6359. 

O c*Qrr 

7-J  . 

1080. 

PRFPARATT 

ON-FOR-TPANS 

5P0RTATI0N 

COST  MATRIX: 

FY 

LOCATION 

U.S. 

EUROPE 

PACIFIC 

1977 

£534. 

1028. 

4 £4, 

1973 

£61  £. 

3 06£ . 

449. 

1979 

3690. 

1 035 . 

440. 

— i 


FV  LOCHT T ON 

U.S.  EUROPE  PACIFIC 


1 977 

22229. 

11702. 

4981 

1978 

229 1 2 . 

12084. 

5275 

1979 

23594. 

12351. 

5 1 65 

1980 

24103. 

12858. 

cr  “i  “7  -7 

• r | 

1981 

24543. 

1 2998. 

crcrr.  i 
l-.ICi  J 

I 

MATRIX  OF  COPTS  WITH  RESPECT  TO  TIME  C LOCATION: 


FV 

[ OC AT  I ON 
IJ.S.  . EUROPE 

PACIFIC 

1977 

30524.  15067. 

6369. 

1973 

3 1461.  1 5558 . 

6 7 46 . 

1979 

82397.  15963. 

6604 . 

4930 

33G96.  16555. 

6875. 

-1981  . 

33701.  16733. 

7137. 

TOTAL  COST  FOR  THE  ENTIRE  OPERATION  IS  $ £74727. 


n 


